S. Crystals suitable for the X-ray single crystal structure analysis were grown by slow concentration of a dichloromethane solution of compound 5 at 30 °C. 
S. 7

Synthesis of Compound 6
Chlorodimethylsilane (28.0 L, 0.252 mmol, 2.4 eq.) was added to a colorless solution of compound 5 (82.3 mg, 0.105 mmol) in dichloromethane (3 mL). After stirring for 30 min the colorless reaction solution was layered with n-pentane (8 mL) and stored at 30 °C for 6 d. The precipitated white crystals were separated from the reaction solution via decantation, washed with n-pentane (4 mL) and dried in vacuo. Yield: 61 mg (0.093 mmol, 88%). Crystals suitable for the X-ray single crystal structure analysis were grown from a deuterated dichloromethane solution of compound 6 which was layered with n-pentane and stored at −30 °C. 
Melting point (DSC)
:
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Synthesis of Compound 9
A mixture of dimesitylvinylphosphane (7) Crystals suitable for the X-ray single crystal structure analysis were obtained from a solution of compound 9 in dichloromethane which was layered with n-pentane and stored at 30 °C. 
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Heating of compounds 1, 6 and 9 (NMR scale)
A solution of (a) compound 1 [in situ generated by using compound 7 (80.0 mg, 0.27 mmol) and HBC6F5)2 (93.4 mg, 0.27 mmol) in CD2Cl2 (1 mL)], (b) compound 6 (50 mg, 0.076 mmol), and compound 9 (50 mg, 0.076 mmol), respectively, in CD2Cl2 was heated stepwise from 60 °C (24h)
to 90 °C (24h).
Compound 1:
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11 B NMR (96 MHz, CD2Cl2) spectra of (1) in situ generated compound 1 and after heating first (2) at 60°C
for 24 hours and then (3) at 90°C for 24 hours.
(1,3,5) 31 P{ 1 H} and (2,4,6) 31 P NMR (121 MHz, CD2Cl2) spectra of (1,2) in situ generated compound 1 and after heating first (3, 4) at 60°C for 24 hours and then (5,6) at 90°C for 24 hours.
S. 18
S. 19
1 H NMR (300 MHz, CD2Cl2) spectra of (1) isolated compound 9 [admixed with some Cp2Zr-contamination]
and after heating first (2) at 60°C for 24 hours and then (3) at 90°C for 24 hours.
11 B NMR (96 MHz, CD2Cl2) spectra of (1) isolated compound 9 and after heating first (2) at 60°C for 24 hours and then (3) at 90°C for 24 hours.
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(1,3,5) 31 P{ 1 H} and (2,4,6) 31 P NMR (121 MHz, CD2Cl2) spectra of (1,2) isolated compound 9 and after heating first (3, 4) at 60°C for 24 hours and then (5,6) at 90°C for 24 hours.
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Reaction of compounds 1 with CH4
A solution of in situ generated compound 1 [compound 7 (40mg, 0.14 mmol) and HBC6F5)2 (46.7 mg, 0.14 mmol) in CD2Cl2 (1 mL)] was exposed to methane (10 bar) for 20 h at 60 °C.
S. 22
11 B NMR (96 MHz, CD2Cl2) spectra of the reaction of in situ generated compound 1 with methane (10 bar)
at 60°C for 20 hours. 
S. 23 Theoretical Methods and Technical Details of the Computations
All quantum chemical calculations were performed with the TURBOMOLE suite of programs. [1] All minimum structures were fully optimized at the dispersion-corrected Kohn-Sham density functional theory (DFT) level using the TPSS density functional [2] in combination with the polarized triple-zeta (def2-TZVP) sets by Ahlrichs et al. [3, 4] We included the atom pairwise D3 correction with BJ-damping to account for intra-and intermolecular London dispersion interactions. [5] The overall level will be denoted as
The structures were verified as minima by re-optimization and subsequent harmonic frequency calculation at the HF-3c level. [6] This composite method combines Hartree-Fock in a minimal basis with the above mentioned D3 correction (BJ-damping) as well as two geometrical correction terms that reduce errors of the small basis set, namely the geometrical counterpoise correction (gCP) [7] and a short-range basis set correction. [6] The entire scheme is available in the TURBOMOLE suite of programs (version 7.0.2).
We furthermore exploit the efficiency of this method to find and optimize transition state The electronic energies presented in this work were obtained by applying the PW6B95 meta-hybrid density functional [8] along with the D3(BJ) correction [5] and the large polarized quadruple-zeta (def2-QZVP) sets by Ahlrichs et al. [4, 9] to the geometries obtained by TPSS-D3(BJ)/def2-TZVP.
In all DFT treatments, the resolution-of-the-identity approximation has been employed [10] for the Coulomb integrals to speed up the computations. The numerical quadrature grid m5 was used for the integration of the exchange-correlation potential. We report pure electronic energies including D3 dispersion (termed ΔE) as well as free energies at 298.15 K and 1 atm (termed ΔG). The ro-vibrational contribution to the free energy are obtained from a modified rigid rotor, harmonic
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oscillator statistical treatment [11] based on the harmonic frequencies (scaled by 0.86) obtained at the HF-3c level (see above). In the entropy calculations, all frequencies with wavenumbers below 100 cm -1 were treated as mixed rigid rotors and harmonic oscillators as described in Ref. [11] .
Solvation contributions to the free energies were computed with the COSMO-RS method [12] (COSMOtherm software package [13] ) based on BP86/TZVP [14] calculations (parametrization from 2012) at 298.15 K in dichloromethane solution based on the TPSS-D3(BJ)/def2-TZVP gas phase structures.
The computed reaction free energies are then obtained by
Here, the last two terms refer to the difference in the ro-vibrational and solvation contributions, respectively, to the free energy while the first term on the right hand side refers to the difference in electronic energies as computed at the PW6B95-D3(BJ)/def2-QZVP//TPSS-D3(BJ)/def2-TZVP level.
compound 6 compound 9
TS 6/1+CH4 TS 9/1+CH4
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